Appropriate sensing is essential for the normal functioning of an implantable cardioverter defibrillator (ICD). T-wave oversensing is a potential clinical problem in ICD patients that may result in inappropriate shocks. Oversensing may have various underlying causes and can be treated with noninvasive or invasive means. We present the case of a 45-year-old man presenting with shock storm as a result of T-wave oversensing. Workup revealed a hemodynamically significant stenosis of the left anterior descending artery treated with percutaneous coronary intervention and drug-eluting stent placement. This resulted in the resolution of T-wave missensing and restoration of normal ICD functioning. M yocardial ischemia-induced hyperacute T waves can potentially lead to T-wave oversensing in patients with implantable cardioverter defi brillators (ICD). Th is may result in the inadvertent delivery of ICD therapies. Our report highlights one such case and discusses diff erential diagnoses and appropriate treatment strategies.
CASE DESCRIPTION
A 45-year-old man with past coronary artery bypass grafting, ischemic cardiomyopathy, and biventricular ICD presented after experiencing multiple shocks from his ICD. His device (Medtronic Concerto C154DWK, Medtronic, Inc., Minneapolis, MN) was implanted for primary prevention. Th e patient reported that he was unloading a truck at work just prior to the ICD fi ring. Th e associated preceding symptoms were mild lightheadedness, dizziness, and left shoulder heaviness but no chest discomfort or dyspnea. Family history was signifi cant for sudden cardiac death of his father at age 35. He was taken to a local hospital by emergency medical services, where the initial electrocardiogram (ECG) demonstrated sinus rhythm with Twave inversions in the inferolateral leads and tall amplitude T waves in V1 to V3. He was subsequently transferred to our hospital for further care.
His initial vital signs and physical examination were unremarkable. Laboratory workup revealed a troponin-I level of 1 ng/mL (normal <0.03 ng/mL), creatinine kinase of 88 U/L (normal, 24-173 U/L), and creatinine kinase-MB of 2 ng/mL (normal, 0-6.4 ng/mL). All electrolytes, including potassium, glucose, and magnesium, were within normal limits. Th e initial 12-lead ECG at our hospital revealed normal sinus rhythm with intermittent biventricular-paced complexes and an increased Twave amplitude of native QRS complexes (as compared to his prior baseline ECG demonstrating biventricular-paced rhythm) (Figure 1 ). Initial ICD interrogation revealed 35 episodes of Twave oversensing (resulting in spurious detection of ventricular fi brillation zone), 9 attempts of overdrive pacing, and 6 episodes of 35J shocks (Figure 2 ). Shocks were not reproducible by any movement or physical maneuvers. Tachytherapies were turned off and ischemic evaluation was initiated. A transthoracic echocardiogram revealed a left ventricular ejection fraction of 40% with basal inferior and inferolateral akinesis. Positron emission tomography stress nuclear imaging demonstrated a reversible medium-sized anterior defect consistent with left anterior descending artery ischemia. Cardiac catheterization demonstrated mild left main narrowing, 60% to 70% diameter narrowing of the mid left anterior descending artery, and total occlusion of the left circumfl ex and right coronary arteries. Vein grafts and right internal mammary artery grafts to the diagonal and obtuse marginal arteries were patent. Th e vein graft to the posterior descending artery was occluded. Th e left internal mammary artery graft to the left anterior descending artery was atretic and nonfunctional. Fractional fl ow reserve of the left anterior descending artery revealed a hemodynamically signifi cant stenosis at 0.70. Th is was treated with a percutaneous coronary intervention and drug-eluting stent placement. Th e patient tolerated the procedure well.
At a predischarge exercise treadmill stress test, the patient achieved 9 metabolic equivalents without chest pain or ischemic ECG changes. His ECG after coronary intervention showed normal biventricular paced rhythm with a relative decrease in the T-wave amplitude (Figure 3) . ICD tachytherapies were turned on. As an additional safety measure to avoid T-wave oversensing, R-wave sensitivity was decreased from 0.3 to 0.6 mV and the ventricular blanking period after ventricular pacing was reprogrammed to 210 ms. Th e patient followed up in the Myocardial ischemic hyperacute T-wave oversensing leading to a defibrillator shock storm Lovely Chhabra, MD, Nauman Khalid, MD, and Jeffrey Kluger, MD Ventricular oversensing is more likely to occur in integrated than in dedicated bipolar leads. Possible causes for T-wave oversensing include either diminution of R-wave amplitude or relative and/or dynamic gain in the T-wave amplitude. Other etiologies of T-wave oversensing may include changes in QT duration (long and short QT syndromes), electrolyte imbalances such as hyperkalemia and hyperglycemia, histamine-2 receptor blockers, low amplitude R waves, exercise, Brugada syndrome, changes in sympathetic tone, an injury current-related increase in the T-wave voltage, alterations in morphology of the intracardiac electrogram, and hyperacute T-wave changes observed during device implantation (2) (3) (4) (5) .
Oversensing is typically treated by correcting the underlying problem whenever possible. Correcting any underlying electrolyte abnormalities such as hyperkalemia is usually the fi rst recommended step. Other noninvasive treatment strategies include reprogramming the ICD for lower R-wave sensitivities (provided ICD clinic at 1, 3, and 6 months and was found to have no further inappropriate tachytherapies.
DISCUSSION
Appropriate sensing is indispensable for proper functioning of the ICD. T-wave oversensing is a common clinical problem, with a reported prevalence as high as 14% (1) . It may lead to QRS double-counting and inappropriate tachytherapy. Our patient likely experienced ischemia-induced hyperacute T waves resulting in oversensing by a biventricular ICD. Th is led to the loss of the essential biventricular pacing and resulted in inappropriate ICD shocks. Other causes of T-wave oversensing were appropriately excluded by a comprehensive workup. Ischemic evaluation revealed hemodynamically signifi cant stenosis of the left anterior descending artery, and percutaneous coronary intervention resulted in resolution of the underlying problem. the R wave is of adequate amplitude), prolonging the postpacing refractory period, increasing the lower-tracking rate limit of the tachycardia detection zone, and administering beta-blockers to slow the heart rate. Some cases may require invasive strategies, which include either repositioning or replacing the ventricular lead or the pulse generator (6) . Diff erent algorithms have also been proposed to decrease T-wave oversensing, including the ECG width criterion, threefold programmable parameters with a postsense refractory period, decay delay, linear decay, and the automatic sensitivity control with enhanced T-wave suppression (7). 
